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FOREWORD 
This report is a summary of the activities of the Power Affiliates 
Program i~the Department of Electrical Engineering at the University of 
Illinois for the calendar year 1981. The information is intended to be 
a progress report to the affiliate companies. These companies are: 
Central Illinois Light Company 
Central Illinois Public Service Company 
Commonwealth Edison Company 
Doerr Electric Corporation 
Illinois Power Company 
Iowa-Illinois Gas and Electric Company 
Northern Indiana Public Service Company 
Public Service Indiana 
Sargent & Lundy 
Sundstrand Corporation 
Union Electric Company 
Wisconsin Electric Power Company 
Wisconsin Power and Light 
This report was prepared by the Power Affiliates Program Committee 
for presentation at the first annual review. The committee members are: 
R. A. Smith, Chairman 
R. D. Shultz 
M. s. Helm 
P. w. Sauer 
M. E. Van Valkenburg 
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1. Introduction 
The electric power and energy systems program at the University of Illinois 
has maintained its presence in the electrical engineering department during 
1981. Graduation figures from last year's annual report and for the 1981-1982 
school "year show continued student interest in power systems engineering. 
1950-1970 Annual Average Power Area Graduates 
B • S • E • E • - 25 
M.S.E.E. - 3 
1971-1978 Annual Average Power Area Graduates 
B.S.E.E. - 41 
M.S.E.E. - 6 
1979-1980 Power Area Graduates 
B.S.E.E. - 49 
M.S.E.E. - 8 
198Q-1981 Power Area Graduates 
B.S.E.E. - 57 
M.S.E.E. - 7 
1981-1982 Power Area Graduates (expected) 
B.S.E.E.- 44 
M.S.E.E. - 4 
Support from the Power Affiliate companies cont~nues to grow and three new com-
panies have agreed to contribute to the power area program. They are: 
Commonwealth Edison 
Sundstrand Corporation 
Wisconsin Electric Power Company 
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2. FINANCIAL STATEMENT 
The following tabulation of income and expenditures for the calendar 
year 1981 was prepared from a detailed University statement as of 
December 31, 1981. 
Income carried over from calendar year 1980 
Total income during calendar year 1981 
Total available income during calendar year 1981 
Expenditure 
Item 
Graduate 
Assistantships 
·Class trips, travel 
and conference fees 
Communications and 
clerical 
Indirect cost to 
University 
Total expenditure: 
Obligated Amounts 
Graduate Research 
Assistantships 
Indirect cost to 
University 
Total Obligated: 
Expenditure 
Amount 
$21,284.00 
$ 2,944.00 
$ 2,503.00 
$ 2,839.00 
$29,570.00 
$5,422.00 
$1,084.00 
$6,506.00 
$ 9,752.00 
$28,500.00 
$38,252.00 
Percentage of 
Total Expenditures 
72 
10 
8 
10 
100 
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Summary 
Amount available during calendar year 1981 
Amount expended during calendar year 1981 
Balance of unobligated income (as of December 31, 1981) 
$+38,252.00 
$-29,570.00 
$+ 8,682.00 
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3. STUDENTS AND PROJECTS 
This section of the report contains the listing of students whose 
major research efforts were supervised by members of the Power Affiliates 
Program Committee during the calendar year 1981. While not all of these 
students received financial aid frQm the Power Affiliates Program in terms 
of Research Assistantships, they were all influenced by the program through 
the active involvement of their respective advisors. Those students supported 
by the Power Affiliates Program received maximum one-half time Research Assis-
tantships for 11 months. The results of their work will be made available 
upon request to all affiliate companies in the form of technical reports. 
The following students were associated with the Power Affiliates Program, 
and their work is de.scribed in the following pages: 
Ahmed-Zaid, S. 
Behera, A. K. 
Christensen, J. P. 
Demaree, K. D. 
French, D. J. 
Krein, P. T. 
Krull, E. J. 
Luedtke, F. A. 
Nealon, M. J. 
Sluis, K. J. 
Stevens, R. A. 
Sweet, T. M. 
Wegner, C. A. 
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Name: Said Ahmed-Zaid 
Date of Graduation and Degree: May 1983, Ph.D. 
MULTI-TIME SCALE MODELLING OF SYNCHRONOUS MACHINES 
Abstract 
Major simplification of the mathematical model of synchronous machines can 
be achieved by neglecting the stator and rotor electrical transient terms 
d'l' (the-- terms). The meaning of these simplifications can be clarified using the 
dt 
singular perturbation theory. The analysis of a generic 5-winding model in the 
(d,q) coordinate frame will show how several models of varying complexity can be 
derived from the fundamental machine equations in a systematic way. 
In a first step, the stator transients are separated from the rest of the 
system yielding model I comprised of a "fast" subsystem (stator transients) and 
a ~·slow" subsystem. Next, the slow subsystem is further reduced by separating 
the damper transients and yielding model II. This latter is comprised of the 
( 
"fast" subsystem (stator transients), a "moderate" subsystem (not of the 
system). Throughout the derivations, it is shown how the transients effects are 
taken into account in the torque equation as a byproduct of the theory. 
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Name: Anup K. Behera 
Date of Graduation and Degree: December 1981, M.S.E.E. 
STUDY OF TWO SYNCHRONOUS MACHINES OPERATING IN PARALLEL SERVING A CAPACITIVE 
LOAD 
1. Introduction 
The purpose of this report is to present a short summary of MS research 
done by Anup Kumar Behera under the guidance of Prof. Kemal Sarioglu and 
Prof. Peter Sauer. The aim of this work is to study the problem of parallel 
generator instability during emergency power service to the Very Large 
Array (VLA) antennas when operated in certain configurations. 
2. System 
The distribution network consists primarily of three 7200/12470 volt 
3-¢ underground cable runs of length between 11 and 12 miles each. During 
loss of commercial service two 500 kW (625 KVA) diesel engine driven gen-
erators are utilized for stand-by power. 
3. Cable 
The three cable runs serving the VLA antenna loads consist of 3-1/c #2 
AWG Alum, 175 mils high molecular weight polyethylene 15 kV primary 
concentric UD cable. The line charging shunt capacitance per phase computed 
So c 
shunt 
57.4 pf/ft or 
0.0574 ~FD/1000 ft 
R . = 0.317 n11ooo ft 
ser1.es 
L . = 0.2764 mH/1000 ft 
ser1.es 
0.0574 ~~FD/1000 ft 
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4. Synchronous Machines and Engines 
The synchronous machines are Kate Model 500M556, 500 kW, 60 Hz, 
1200 RPM, 277/480, driven by Wankeshaw diesel engines. 
5. Voltage Regulators 
Each voltage regulator is a Basler type SR-8 solid state regulator 
equipped with parallel droop compensation. 
6. Governor 
Each governor is a Woodward type UG8 hydraulic isochronous governor with 
speed droop, load limit and speed synchronizer adjustments. 
7. Objective 
The primary objective of this work is to determine the most economical . 
system modification which will permit parallel generator operation under 
site critical load with all cable runs in service and all antennas on line 
in any of the four configurations. VLA site consultants have recommended 
the installation of two 100 kVAR shunt reactors at two locations on each 
of the three cable runs. Complete analysis of the generator control 
function must be made to determine if an alternative method could permit 
stable parallel operation. This work was scheduled in two phases. The 
first phase consisted of a complete steady state analysis of the electrical 
distribution system to determine the node voltages and location for shunt 
reactive compensation of the cabl ~ system. In addition, the generator 
and generator control systems were analyzed from a preliminary simplified 
model to obtain a feeling for the need of the shunt reactors and any 
potential problems with their installation. 
The second phase consists of a detailed transient stability analysis 
of the two generating systems with and without shunt reactors. The purpose 
8 
of the second phase is to confirm the preliminary conclusion that shunt 
reactors are required, and to detect any possible problem which may 
be created by the shunt compensation. 
8. Load Model 
The antenna loads were modelled as a constant impedance load by 
For example, the MDl proposed site critical load was simulated as a 
constant impedance tie to ground of 
-z 15.2a + ja.47 Q/phase 
((12.8 X 00.85) - j 12.8 X 0.53] X 103 
This type of load modelling is acceptable provided the line to neutral 
voltage magnitude does not change substantially between no load and full 
load. 
9. Voltage and Power Flow Analysis 
The distribution system was analyzed under three loading conditions. 
Using the estimated normal full load values the analysis yielded the voltage 
profile and source requirements in Table (la). Using the proposed site 
critical loads the analysis yielded the voltage profile and source 
requirements shown in Table (lb). The no-load analysis results are shown 
in Table (lc). All studies were performed with the antennas located in the 
"A" configuration, assuming the source is the stand-by generator pair. 
Under full load, the site power is nearly unity power factor, but neither 
the generator pair nor the stepup 750 KVA transformer could supply this load. 
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Full-load system voltages are ideal. Under the proposed critical site 
load, the main step-up transformer is marginal although this is not a 
serious problem. It is important to note that the KVA requirement is 655, 
which exceeds the KVA rating of one generator. System voltages are 
acceptable and could be brought to ideal by adjustment of the automatic 
voltage regulator set point. Under no-load conditions, the reactive power 
requirements alone exceeded one generator's KVA rating by more than 20%. 
System voltage again could be brought down if the regulator set point could 
be reduced. 
G) 
Full load 
G) 
Proposed 
critical 
load 
No load 
Minimum Maximum Maximum Source real 
voltage voltage line load power 
%(1) % (1) %(2) required (3) 
98.7 100.1 144.4 1339.0 
100.0 104.2 91.3 300.5 
100.0 106.2 109.6 9.6 
1. + 100% = 7200 volts or 277 volts 
2. Based on transformer rating or 116 amp cable load 
(70% of 165 amp cable rating) 
3. kW 34> 
4. kVAR 34> 
Source 
reactive 
required 
+189.6 
-583.4 
-778.9 
power 
(4) 
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This analysis was performed without the installation of any shunt reactive 
compensation. If shunt compensation is made at the low voltage side of 
the 750 KVA transformer, the voltage profile and line power flow results 
could remain the same. The source reactive power requirements would of 
course be reduced. If shunt compensation is made anywhere on the high 
voltage cable system, the main 750 KVA stepup transformer would be 
considerably unloaded. 
10. Resonant Frequency Analysis 
Reactive compensation of electrical networks can often lead to 
undesirable resonance condition. This is particularly true when series 
compensation is considered. Series compensation of the leading power 
factor cable was ruled out as an alternative solution early in the 
analysis. This is primarily due to the fact that the leading power 
factor is a shunt load, virtually independent of system load. Secondly, 
series resonance is more critical than shunt resonance. Thirdly, we 
found out that we don't save much in regard to the power rating of the 
reactor. 
The Resonant Frequency Analysis was made to make sure that the 
system had no resonant frequency in the vicinity of the mechanical 
frequency of the system and any other higher frequencies above 60 Hz. 
The driving point impedance as seen by the generators was computed for 
various loading conditions and for frequencies between 0.5 and 200 Hz. 
We found a resonant frequency of 53 Hz when the shunt compensating 
inductance is connected to the system and the system is operating at no 
load. This will have virtually no effect on the S-5 system performance, 
but is analyzed in greater detail in the transient state. 
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11. Transient System Analysis 
The steady-state analysis as well as actual metering indicates that 
the total reactive power required of the generators can easily exceed 
600 kVAR. In order to supply this reactive power and keep the voltage 
constant, each generator would have to operate in the very underexcited 
mode. Site utilization of the two generators has indicated that one 
unit consistently trips off line when this loading is required. We have 
postulated tha·t this occurs when· one voltage regulator hits a minimum 
excitation limit, and leaves one generator in an unstable state relative 
to the paralleled generators' fixed terminal voltage. A full transient 
stability study of the generators plus their control systems is being 
made. This analysis is being made in an attempt to simulate the 
instability, and verify that the installation of shunt reactors will 
successfully allow stable operation. 
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Name: John Christensen 
Date of Graduation and Degree: December 1982, M.S.E.E. 
Abstract 
It is endeavored to create linearized models for load and generator busses. 
The method used for load busses is as follows: considering real and reactive 
voltages as control variables, the resulting expressions for real and reactive 
current are written out in their individual multivariate Taylor series expan-
sions, in real and reactive voltage, and higher order terms are neglected. If 
the Taylor series is expanded some base--case set of voltages, then the series 
will be in terms of some perturbation voltages, and the series with higher order 
terms neglected will be linear functions of current with respect to real and 
reactive perturbation voltages. Generator busses can be modeled similarly, 
except that real voltage and reactive current become the control variables. It 
is now possible to conceive of a D.C. analogue circuit in which voltages repre-
sent real and reactive voltages in the actual system, and the real and reactive 
. "networks" have dependent sources controlled by the other "network" in them. 
The possible uses of such linear approximate analogues may be equivalencing of 
exterior networks, and a new approach to the loadflow problem. 
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Name: Kendall D. Demaree 
Date of Graduation and Degree: December 1982, M.S.E.E. 
DIRECT ENERGY METHODS FOR TRANSIENT STABILITY 
IN CONTINGENCY ANALYSIS 
The purpose of this research is to apply direct energy transient stability 
methods as a "first cut" contingency analysis for power systems. The proposed 
method will give a rough estimate of the stability of the system and act as a 
screen for contingency cases which warrant more detailed 'transient stability 
simulation. The proposed method is loosely based upon the method in a recent 
paper by Systems Control, Incorporated. Alterations will be. made to greatly 
speed calculation while sacrificing some accuracy. The result will be a prac-
tical application of the direct energy methods of stability analysis to con-
tingency studies. The results of the proposed method will be compared to both 
the Systems Control, Incorporated method and traditional stability simulations. 
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Name: Dan J. French 
Date of Graduation and Degree: May 1981, M.S.E.E. 
SIMULATION OF INDUCTION MOTOR PERFORMANCE DURING LINE CURRENT 
HOLD OFF POWER FACTOR CONTROL 
This research investigates the effects of a power factor controller 
on the operation and life of induction machines. NASA has recently patented 
a device that saves energy in an induction machine by interrupting the current 
cycle to improve the power factor. It has been shown that this device 
considerably lowers the amount of energy consumed under no-load conditions. 
Very little research has been done to determine the possible a9verse effects 
this device may have on the operation of an induction machine. A digital 
computer program is used to simulate an induction machine and the NASA 
controller. Different operating conditions from start-up to full-load 
are studied to determine the effect of the controller on the normal operation 
of the machine. The existence and consequences of a pulsating torque on the 
shaft of the machine and the response of the machine to various changes in 
several of the controller's parameters are also investigated. 
Power factor correction has long been an area of interest to electric 
utilities. The power factor can be defined as the cosine of the phase 
?.ngle difference between the voltage and current. For sinusoidal conditions, 
the power factor is the cosine of the angle represented by the time difference 
in the zero crossings of the voltage and current waveforms. For nonsinusoidal 
conditions this relationship does not hold. For nonsinusoidal conditions 
the zero crossing time difference can be called the zero crossing time 
interval (ZCTI). 
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With the high cost of today's energy, having a good power factor 
becomes an important operational consideration. Because of the large 
number of electric motors in the United States, there have been many devices 
developed which reduce the amount of energy consumed by induction motors. 
The Wanless motor utilizes a capacitor internally connected in parallel 
with the windings of the motor. It is reported that this method considerably 
improves the efficiency of the machine. Exxon Enterprises, Inc. has developed 
an inverter that provides a variable voltage, variable frequency supply for 
motors. This device is said to be more efficient and less expensive than 
inverters now being .used. It reportedly can save a good deal of energy 
by use of its solid state electronics and digital controls. Two similar 
electronic energy saving devices have been developed at NASA and Auburn 
University. Both utilize triacs connected in series with the stator 
windings of the machine. The Auburn constant speed controller uses the 
speed of the rotor to produce a signal that controls the triac. The NASA 
or Nola power factor controller senses the zero crossings of the voltage 
and current waveforms, then uses a signal produced from that information to 
control the triac. The Nola controller is analyzed in this· research. 
The Nola controller has been shown to reduce the energy consumption 
of an induction motor under no-load conditions. Savings under full-load 
are small. By co·ntrolling a triac which is placed in series with the 
stator windings of the motor, the voltage and current waveform£ can be 
interrupted during each half cycle. An electronic circuit senses the 
zero crossings of the voltage and current waveforms. The zero crossing 
time interval (ZCTI) is the difference in time at which these zero crossings 
occur. A signal proportional to the ZCTI is generated and compared to a 
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reference signal that is proportional to the desired ZCTI. The desired 
ZCTI is proportional to the power factor angle at full load. The difference 
between the actual ZCTI and the desired value is used to generate pulses 
that turn the triac on. The duration of these pulses vary with load and, 
therefore, the amount of time the triac stays on will vary. This changes 
the time difference between the current and voltage z·ero crossings and 
also reduces the average value of voltage across the windings of the 
machine. The reduction in voltage results in less power consumption. 
There has been much work done in the area of induction motor simulation. 
In this research, an approach similar to that developed by Krause and Thomas 
is employed. The voltage equations of the machine are written in terms of 
flux linkages, resistance and current. In order to formulate state equations, 
the flux linkages are written in terms of currents and inductances. The 
inductances are derived from the magnetic axes of the stator and rotor phase 
windings. Since the mutual inductances between the rotor and stator are 
dependent on the rotor position, they vary with time. This complicates 
the solution of the voltage equations, and, therefore, a transformation is 
used to eliminate this time varying characteristic. This transformation 
effectively puts the voltage and currents of the stator and rotor into a 
common reference frame which rotates at an arbitrary speed w. This 
reference frame is known as the q-d-o reference frame. Solving the 
machine equations is simplified by using q-d-o variables and then trans-
forming these quantities back to the a-b-c reference frame. 
Simulation of the Nola controller connected to an induction machine 
is performed using a digital computer program. The instantaneous machine 
currents are calculated using the appropriate machine equations. The 
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set of machine equations used is dependent on whether all the phases are 
connected or if one of the phases is open circuited by a triac. Unlike 
Krause and Thomas, this simulation does not assume constant rotor speed 
and, therefore, the machine equations are not linearized. Along with 
currents and voltages, the instantaneous torque and rotor speed are 
calculated. A Runge-Kutta algorithm is used to solve the differential 
machine equations. The computer program is limited to the simulation of 
wye~connected~ four wire machines. The simulation also assumes only one 
phase can be open circuited at a time. These constraints are due to the 
design of the Nola controller. 
At present, the simulation is near completion. When completed, 
the computer program will be used to analyze the controller and induction 
motor under various loads. Special attention will be paid to the various 
instantaneous torque and rotor speeds. The effect of varying the desired 
ZCTI and simulating motor start-up will be studied. The amount of energy 
saved as calculated from this digital simulation will be compared to the 
calculated savings from experimental results obtained at Auburn University. 
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Name: Philip T. Krein 
Date of Graduation and Degree: October 1982, Ph.D. 
NONIDEAL EFFECTS IN ELECTROSTATIC INDUCTION MOTORS 
Abstract 
Electrostatic forces can be used to pump dielectric liquids such as insu-
lating oils. This electrohydrodynamic or EHD pumping is analogous to the opera-
tion of a typical magnetic induction machine. EHD pumping can provide the bene-
fits of forced cooling to power system transformers, HPOF underground 
transmission networks, and other oil-filled systems without a need for moving 
parts. 
In developing EHD pumping for power system applications, several compli-
cating factors have appeared. The presence of a fluid is the most significant 
analytical problem, but the case of a solid rotor can be used to examine 
electrical forces in detail. 
Certain effects--notably corona charging and space harmonics--cannot be 
neglected in an electrostatic motor as they usually are in a magnetic device. 
Corona can even produce a motor which may not have a magnetic counterpart: a DC 
machine without mechanical commutation. 
These "nonideal effects" which distinguish electrostatic induction devices 
from their magnetic counterparts are being examined by analytical and experimen-
tal methods with the goal of improved understanding of how electrostatic induc-
tion forces can be applied. Very general theory has been developed and a 
generalized electrostatic machine constructed for this work is currently under 
experimental scrutiny. 
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Name: Eric Jerome Krull 
Date of Graduation and Degree: Hay 1982, M.S.E.E. 
GENERATION EXPANSION PLANNING USING MULTI-ATTRIBUTE 
UTILITY THEORY AND DYNAMIC PROGRAMMING 
As construction costs and interest rates increase, more attention is being 
centered on utility expansion plans. A utility has numerous ways it can 
expand when considering the types of generators, the number of generators 
necessary, and the timing of additions. These decisions affect the environment, 
system reliability and cost of installation. A consistent method of evaluating 
different power system generation configurations that can handle the many possi-
bilities would be helpful to the system planner. 
Abstract: This research presents a procedure to calculate an "optimal" genera-
tion expansion plan based on evaluations of economic costs, environmental or 
social impact and system operating factors. Using multi-attribute utility 
theory to calculate a system configuration's overall benefit or utility, and 
dynamic programming to project an "optimal" expansion plan, the future g~nera-
tion expansion program of an electric utility is determined. A sensitivity 
study is then undertaken to see how different weightings of economic, environ-
mental ar.j system operating factors affect the projected expansion plan. 
The many generation patterns, each involving multiple conflicting objec-
tives, are evaluated using a computer program that can be adapted to many 
existing power systems. 
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Name: Frank Arthur Luedtke 
Date of Graduation and Degree: December 1982, M.S.E.E. 
SHORT TERM FUEL DISPATCH 
In the electric utility industry, the fuel inventories for a given type of 
fuel are made up of fuel purchased at different times and at different costs. 
There is a problem in deciding which fuel to dispatch from inventory. The 
problem is short term in that the fuel being dealt with is the fuel on hand, not 
fuel which is to be purchased in the future. This is an accounting problem. If 
.the higher cost fuel is burned first, then the operating costs are higher. 
Sometimes the utility rate commission allows fuel costs to be passed through to 
the commission, but sometimes it doesn't. On the other hand, if the lower cost 
fuel is burned first, then inventory costs are higher because of the higher cost 
fuel in inventory. The object is to minimize the cost to the utility. 
The goal of this research is to develop .a model of the problem in the form 
of a linear program that could be solved to produce the optimum economic short 
term fuel dispatch procedure. The project was just started at the end of 
January, 1982. As of this writing (March 2, 1982), I am still doing background 
reading, and work on the actual model has not started. 
21 
Name: Mark Joseph Nealon 
Date of Graduation and Degree: August 1982, M.S.E.E. 
VOLTAGE COLLAPSE 
Abstract 
Voltage control has been declared by a certain committee of IEEE as one of the 
most pending and under-researched areas in power system analysis of this decade. 
Particularly since the Paris, France blackout of 1978, a certain phenomenon 
which, since that time, has inherited the name "voltage collapse", has been a 
fairly consistent topic of discussion, though largely on a qualitative basis 
only. 
My research up to this point, under the guidance of my advisor, Professor 
Sauer, has dealt with the computer simulation of a similar "collapsing" con-
dition on a very small power system that we designed. Another limelighted 
feature of our research concerns the fact that the system is comprised in part 
with steady-state mathematical models of two TCUL transformers, system elements 
which have been conveniently avoided in past voltage control studies a~d are 
presently factors of growing concern in stability analysis. 
Up to this point, all modelling has been completed and realistic collapsing 
conditions have already been obtained, yielding theoretically reasonable 
results. Ideally, what yet remains to be done is a stability analysis whereby 
some type of physical indicator is obtained that will provide a signal that the 
brink of a collapsing condition is near--BEFORE it actually happens. 
Mathematical indicators have already become evident to Professor Sauer and 
myself, but they would be of little use to a plant or station operator who 
actually had to deal with such a disaster. 
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We are presently embarked in the dynamic stability analyis, largely due to 
the fact that it is generally believed that the slow responding action of TCUL 
transformers on the distribution level is the main culprit of such a voltage 
instability. We are working under the premise that such a study might not only 
provide some concrete mathematical backing to the discussions proposed up to 
this point, but also stimulate further interest for continued research in this 
area. 
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Name: Karl J. Sluis 
Date of Graduation and Degree: December 1982, M.S.E.E. 
SCREENING ALGORITHM FOR CONTINGENCY SELECTION 
Abstract 
In planning studies, the approach for contingency analysis is to test the 
system performance for every possible contingency. Even with fast load flow 
techniques, this is a tedious and costly process. This research project is con-
cerned with developing a screening algorithm to discover the contingencies of a 
system which will cause undesirable conditions. Once those contingencies which 
create undesirable conditions are found, a more detailed analysis can then be 
performed. 
Recent studies in automatic contingency selection suggest ranking all the 
contigencies from the most severe to the least severe. One method of ranking 
contingencies is based on the sensitivities of the system performance index 
function. The sensitivities are calculated using Tellegen's Theorem to compute 
the first derivative of the performance index with respect to the change due to a 
line outage or generation outage. Initial tests of this method show erronerous 
ranking of contingencies; this is mainly due to the fact that the performance 
index is a non-linear function. A rel~able ranking of contingencies has been 
suggested by using DC load flow calculations; but the time required for com-
putations can be excessive for large systems. Initial study for this research 
will be directed toward dividing the network into sections and performing sen-
sitivity analysis on these smaller sections. 
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Name: Robert A. Stevens 
Date of Graduation and Degree: May 1982, M.S.E.E. 
INCORPORATION OF LINEARIZED SENSITIVITIES 
IN THE WARD METHOD OF EQUIVALENCING 
Linear reduction of large non-linear power system networks reduces com-
putation time significantly when studying large numbers of network outages for 
system planning purposes. The Ward equivalency is one such reduction technique 
which has been used extensively in the industry for three decades. lihen incre-
mental changes occur in a base case network using Ward equivalents, the real 
power response from the Ward equivalents is generally very good, but the reac-
tive power response does not model very well in general. A two step lineariza-
tion technique is proposed which updates the Ward equivalent as a function of 
the outage selected. The updated equivalent models the exact response better 
than the base case equivalent. Added computation associated with updating the 
equivalent is modest. 
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Name: Thomas M. Sweet 
Date of Graduation and Degree: May 1980, M.S.E.E. 
THE EFFECTS OF UNIT COMMITMENT, MAINTENANCE SCHEDULES , AND 
GENERATION MIX ON PRODUCTION COST 
Abstract 
This paper utilizes the cumulant method for calculating the commitment 
schedule, which allows variable emphasis on minimizing incremental fuel 
cost and maximizing reliability, for a generator system. It also investi-
gates the impact of maintenance schedules and generation mix on production 
cost. 
1. Introduction 
In order to analyze the effects of unit commitment, maintenance schedules, 
and generation mix on production cost, a method which is both reasonably 
accurate and economical of computer time should be selected. The cumulant 
method was chosen because it met both of these criteria. 
At this point it would be beneficial to describe "reasonably accurate" 
results. The cumulant method is an extremely fast method for generating 
the equivalent load curve. Unlike standard methods which utilize a numerical 
condition for committing units, and numerical integration to calculate the 
energy requirements of a unit, the cumulant method has very little round-
off error. It is also more flexible, since it does not require any 
restrictions on generator sizes. In order to reduce the computation time 
on numerical techniques the generators are assumed to be an integral 
multiple of some constant, so the method can very easily handle multiple 
states. The inaccuracies in the cumulant method arise from the size and reli-
ability of the system. In order for the cumulant method to give good results, 
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two criteria should be met [1]: 
1) The largest unit should be less than 10% of the installed 
capacity. 
2) The forced outage rate (FOR) should be greater than 10%. 
Unfortunately, few systems meet these criteria, including my test data 
which are from a mediu~size power utility. 
2. Program 
There are actually .two different programs, but because of a modular 
program structure most of the routines were shared by both programs. 
The unit commitment program reads in the yearly load data and 
generator data. The program then computes the incremental fuel cost (IFC) 
and the loss of load probability (LOLP) of all the units, and per-unitizes 
them. Then two weighting factors (whose sum equals I) are applied to the 
IFC and LOLP. Then the generator with the lowest value is committed. 
This process is repeated until there are no more units left. The program 
then outputs the unit commitment schedule. 
The production costing program reads in the commitment schedule, 
maintenance schedule (for the year), weekly load curves (for the year), 
and generator data. It then calculates the production cost for the year. 
3. Results 
As the weighting factor was varied from no emphasis on IFC to no 
emphasis on LOLP, the production cost increased. In other words, one 
should choose LOLP as the criteria for committing a unit over IFC, since 
by using LOLP a lower production cost is obtained. As a check the utility's 
actual commitment schedule was used by the production costing program. The 
cost was comparable to the cheapest of the calculated production cost. 
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Next the FOR's of the generators were assigned constant values ranging 
from 0.01 to 0.14 and the above analysis was repeated. FOR's above 0.02 
exhibit the same trend as noted above. FOR's 0.02 and below the trend 
reversed. · 
Next, 10 unique maintenance schedules were generated, each schedule 
levelized risk throughout the year except for 12 weeks centering around 
July 1st, when no units were removed from service. When the production 
cost was calculated and plotted (for varying weights on IFC and LOLP), no 
discernible difference was observed. 
Finally, the IFC and FOR of the generators were varied. The system 
was split into 2 groups of generators (large and small). Two arbitrary 
values of IFC (10.0 and 30.0) and FOR (0.11 and 0.03) were chosen. Then 
all possible combinations of these were read into the production costing 
program. The cost was constant for IFC = 10.0, but the production cost 
became less expensive as the weight on the IFC increased for IFC = 30.0. 
4. Conclusions and Recommendations 
It appears that for minimizing production cost, LOLP should be 
minimized, instead of IFC. This is a dangerous recommendation. Instead, 
methods should be recommended to satisfy the constraints of the cumulant 
method, so that discrepancies with current methods would be reduced. 
For example, modeling multi-state machines might relax the FOR ~Jnstant, 
and the unit size constraint might be relaxed by breaking up the offending 
unit into two identical halves. 
Maintenance schedules, as long as they are realistic, pose no radical 
deviations in production cost. 
The Generation Mix Problem needs to be examined in more detail to 
determine the effects of generator s~zes. 
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' 4. Activities 
The following chronological listing of 1981 events and highlights is a brief 
outline of the direct and indirect influence of the Power Affiliates Program on 
the University of Illinois and Industrial Affiliates. 
January 
- Spring semester begins with ten power courses offered and taught. 
February 
- IEEE Winter Power Meeting attended by M. s. Helm and P. w. Sauer. 
- Power graduate listing mailed to recruiting companies. 
- EE 335 students visit Braidwood Nuclear Station and Commonwealth Edison 
Southern Division Control Center. 
March 
- Sargent and Lundy faculty engineering conference attended by M. s. Helm and 
P. w. Sauer. 
- Electrical Engineering Open House held with displays of power equipment and 
machinery laboratory demonstrations. 
- R. D. Shultz presents a paper at the 1981 International Conference on 
Electric Energy. 
- R. A. Smith and J. A. Betro visit Union Electric Company in St. Louis, Missouri. 
- P. w. Sauer present~d a paper at the 1981 Pittsburgh Modeling and Simulation 
Conference. 
- American Power Conference attended by the following EE faculty and students 
with sponsors: 
M. s. Helm (U of I) J. Christensen (U.E.) 
P. w. Sauer (C.E.) K. Sluis (C.E.) 
R. D. Shultz (C.I.P.S.) K. Demaree (Harza) 
R. A. Smith (W.P.& L.) c. Wegner (I.P.) 
D. F. Hang (U.E.) E. s. Crowley (I.P.) 
c. s. Larson (Harza) s. Baumann (C.E.) 
J. w. Bayne (C.E.) K. Aavik (I.P.) 
K. Fleischer (W.P.& L.) 
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- Second annual review of the power affiliates program. 
- Spring semester closes with 42 B.S. and 5 M.S. graduates in power. 
June 
- J. H. Lin from Tianjin University of the Peoples Republic of China joins the 
power area faculty as a visiting scholar. 
- R. D. Shultz attends IEEE Power Engineering Society summer meeting. 
August 
Fall semester begins with 8 power courses offered and taught. 
- M. A. Pai of I.I.T. Kanpur ·, India joi.ns the power area faculty as the first 
Grainger Visiting Professor. 
- M. Mansour of the Swiss Federal Institute of Technology, Switzerland joins the 
power area faculty as the H. Earle Thompson Visiting Professor. 
- M. K. Sarioglu from the Technical University of Istanbul, Turkey continues in 
his second year with the power area faculty as a visiting professor. 
September 
- M. A. Pai organizes a power area seminar series, and leads off with a 
presentation on Direct Stability Analysis. 
- M. s. Helm represents U of I at the Public Service of Indiana dialogue day. 
- R. A. Smith and J. A. Betro attend the Advanced Automatic Generation Control 
Concepts Conference. 
- P. w. Sauer chairs a session at the 1981 Allerton Conference. 
October 
- R. D. Shultz presents a paper at the 1981 Power Engineering Society T & D 
Conference. 
- P. w. Sauer is Chairman of the Thirteenth Annual Midwest Power Symposium held 
at u. of I., Urbana. 
- R. D. Shultz presents engineering 100 lecture on power engineering. 
- P. w. Sauer presents seminar of Voltage Collapse 
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October can't. 
- Twenty-two power engineering students visit the control centers of Central 
Illinois Light Company and Iowa Illinois Gas and Electric Company. 
- M. Mansour presents graduate seminar on his University's Control Lab. 
- R. A. Smith presents seminar on Production Costing. 
- R. D. Shultz presents seminar on Reliability. 
November 
- M. A. Pai presents graduate seminar on Stability of Large Scale Power Systems. 
- Tom Linne! gives IEEE Chapter presentation on interviewing. 
- Wisconsin Electric Power Company joins Power Affiliates Program. 
- Sundstrand Corporation contributes a grant to the power engineering program. 
- M. K. Sarioglu presents seminar on Multi-Machine Modeling. 
- M. Mansour presents seminar on Stabilization of Power Systems. 
December 
- Fall semester closes with 14 B.S. and 1 M.S. graduates in power. 
- Commonwealth Edison Company joins Power Affiliates Program. 
- J. E. Van Ness presents seminar on Applications of Parallel Processors in 
Power Systems. 
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College of Engineering 
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University of Illinois at Urbana-Champaign 
Urbana, Illinois 61801 
(217) 333-3836 
THE UNIVERSITY OF ILLINOIS AT URBANA-CHAMPAIGN DEPARTMENT OF ELECTRICAL 
ENGINEERING 
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337 Electrical Engineering Building 
University of Illinois at Urbana-Champaign 
Urbana, Illinois 61801 
(217) 333-0394 
Prof. R. D. Shultz 
Department of Electrical Engineering 
374C Electrical Engineering Building 
University of Illinois at Urbana-Champaign 
Urbana, Illinois 61801 
(217) 333-3359 
Prof. R. A. Smith 
Department of Electrical Engineering 
378B Electrical Engineering Building 
University of Illinois at Urbana-Champaign 
Urbana, Illinois 61801 
(217) 333-7309 
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Department of Electrical Engineering 
359 Electrical Engineering Building 
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CENTRAL ILLINOIS LIGHT COMPANY 
University Liaison: 
Industrial Liaison: 
(Technical) 
Industrial Liaison: 
(Non-technical) 
Prof. Richard D. Shultz 
Mr. William T. Reid 
Director of Technical Research 
Central Illinois Light Company 
300 Liberty Street 
Peoria, Illinois 61602 
(309) 672-5434 
None 
CENTRAL ILLINOIS PUBLIC SERVICE COMPANY 
University Liaison: 
Industrial Liaison: 
(Technical) 
Industrial Liaison: 
(Non-technical) 
COMMONWEALTH EDISON CO. 
University Liaison: 
Industrial Liaison: 
(Technical) 
Industrial Liaison: 
(Non-technical) 
Prof. Peter W. Sauer 
Mr. Harley G. Grim 
Manager, Electric Systems Engineering Department 
Central Illinois Public Service Company 
607 East Adams Street 
Springfield, Illinois 
(217) 523-3600 
Mr. H. Lawrence Gaffney 
Employment Supervisor 
62701 
Central Illinois Public Service Company 
607 East Adams Street 
Springfield, Illinois 
(217) 523-3600 
Prof. Peter W. Sauer 
Mr. James W. Johnson 
Vice President 
Commonwealth Edison Co. 
One First National Plaza 
P. 0. Box 767 
Chicago, IL 60690 
(312) 294-4321 
Mr. Paul E. Jahn 
Commonwealth Edison Co. 
One First National Plaza 
P. 0. Box 767 
Chicago, IL 60690 
(312) 294-4321 
62701 
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DOERR ELECTRIC CORPORATION, SUBSIDIARY OF W. W. GRAINGER, INC. 
University Liaison: 
Industrial Liaison: 
(Technical) 
Industrial Liaison: 
(Non-Technical) 
ILLINOIS POWER COMPANY 
University Liaison: 
Industrial Liaison: 
(Technical) 
Industrial Liaison: 
(Non-technical) 
Prof. Peter W. Sauer 
Mr. James P. Dries 
Assistant to the President 
Doerr Electric Corporation 
P. 0. Box 67 
Cedarburg, WI 53012 
(414) 377-0500 
None 
Prof. Richard D. Shultz 
Mr. Porter J. Womeldorff 
Vice President 
Illinois Power Company 
500 South 27th Street 
Decatur, Illinois 62525 
(217) 424-6700 
Mr. Jerome P. O'Grady 
Manager Industrial Relations 
Illinois Power Company 
500 South 27th Street 
Decatur, Illinois 62525 
(217) 424-6808 
IOWA-ILLINOIS GAS AND ELECTRIC COMPANY 
University Liaison: 
Inclastrial Liaison: 
(Technical) 
Industrial Liaison: 
(Non-technical) 
Prof. Richard D. Shultz 
Mr. Karl H. Schafer 
Vice President - Energy Supply and Engineering 
Iowa-Illinois Gas and Electric Company 
206 East Second Street 
Davenport, Iowa 52808 
(319) 326-7196 
None 
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University Liaison: 
Industrial Liaison: 
(Technical) 
Industrial Liaison: 
(Non-technical) 
PUBLIC SERVICE INDIANA 
University Liaison: 
Industrial Liaison: 
Industrial Liaison 
(Non-technical) 
SARGENT AND LUNDY 
University Liaison: 
Industrial Liaison: 
(Technical) 
Prof. Peter W. Sauer 
Mr. Glen K. Dippon 
Manager of General Engineering 
Northern Indiana Public Service Co. 
5265 Hohman Ave. 
Hammond, Indiana 
(219) 853-5200 
Mr. Richard Kalmas 
Employment 
46325 
Northern Indiana Public Service Co. 
5265 Hohman Ave. 
Hammond, Indiana 
(219) 853-5200 
46325 
Prof. Peter W. Sauer 
Mr. Charles E. Foggat 
Manager Research 
Public Service Indiana 
1000 East Main Street 
Plainfield, Indiana 46168 
(317) 838-1789 
Mr. Jim L. Stanley 
College Relations Coordinator 
Public Service Indiana 
1000 East Main Street 
Plainfield, Indiana 
(317) 839-9611 
Prof. M. Stanley Helm 
Mr. Lowell E. Ackmann 
46168 
· Partner and Director of Services 
Sargent & Lundy 
55 E. Monroe Street 
Chicago, Illinois 60603 
(312) 269-3510 
Industrial Liaison: 
(Non-technical) 
UNION ELECTRIC COMPANY 
University Liaison: 
Industrial Liaison: 
(Technical) 
Industrial Liaison: 
(Non-technical) 
WISCONSIN ELECTRIC POWER CO. 
University Liaison: 
Industrial Liaison: 
(Technical) 
Industrial Liaison: 
(Non-technical) 
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Mr. Thomas Linnell 
Manager of Employment 
Sargent & Lundy 
55 E. Montroe St. 
Chicago, Illinois 60603 
Prof. Richard A. Smith 
Mr. H. Clyde Allen 
Vice-President of Research and Development 
Union Electric Company 
1901 Gratiot Street 
P. 0. Box 149 
St. Louis, MO 63166 
(314) 554-2334 
Mr. Herbert W. Loeh 
Manager of Employment Services Dept. 
Union Electric Company 
1901 Gratiot Street 
P. 0. Box 149 
St. Louis, MO 63166 
(314) 621-3222 
Prof. Peter W. Sauer 
Dr. Robert Bischke 
Wisconsin Electric Power Co. 
231 W. Michigan 
Milwaukee, WI 53201 
None 
WISCONSIN POWER AND LIGHT COMPANY 
University Liaison: 
Industrial Liaison: 
(Technical) 
Prof. Peter W. Sauer 
Mr. Charles G. Ke~ndt 
Vice President, Engineering and Procurement 
Wisconsin Power and Light Company 
222 West Washington Ave. 
P. 0. Box 192 
Madison, '-lisconsin 
(608) 252-3325 
53701 
Industrial Liaison: 
(Non-technical) 
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Mr. Alan B. Auby 
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Wisconsin Power and Light Company 
222 West Washington Ave. 
P. 0. Box 192 
Madison, Wisconsin 
(608) 252-3325 
53701 
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